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PREFACE

The extension phase of the Orbital Service Module (OSM) Systems Analysis Study
was conducted to further identify Power Extension Package (PEP) system con-
cepts which would increase the electrical power and mission duration
capabilities of the Shuttle Orbiter. Use of solar array power to supplement
the Orbiter's fuel cell/cryogenic system will double the power available to
payloads and more than triple the allowable mission duration, thus greatly
improving the Orbiter's capability to support the payload needs of sortie mis-
sions (those in which the experiment remains in the Orbiter).

To establish the technical and programmatic basis for initiating hardware
development, the PEP concept definition has been refined, and the performance
capability and the mission utility of a reference design baseline have been
examined in depth. Design requirements and support criteria specifications
have been documented, and essential implementation plans have been prepared.

Supporting trade studies and analyses have been completed.

The study report consists of 12 documents:

Velume 1  Executive Summary

Volume 2 PEP Preliminary Design Definition

Volume 3 PEP Analysis and Tradeoffs

Volume U PEP Functional Specification

Volume 5 PEP Environmental Specification

Volume 6  PEP Product Assurance

Volume 7 PEP Logistics and Training Plan Requirement.
Volume 8 PEP Operations Support

Volume 9 PEP Design, Development, and Test Plans

Volume 10 PEP Project Plan
Volume 11 PEP Cost, Schedules, and Work Breakdown Structure Dictionary
Volume 12 PEP Dacta Iteri Descripticns
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Questions regarding this study should be directed to:

Jerry Craig/Code EAY

Manager, Orbital Service Module Systems Analysis Study
National Aeronautics and Space Administration

Lyndon B. Jchnson Space Center

Houston, Texas 77058, (713) 483-3751

D.C. Wensley, Study Manager, Orbital Service Module Systems Analysis Study
McDonnell Douglas Astronautics Company-Huntington Beach
Huntington Beach, California 92647, (714) 896-1886
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FOREWORD

The Power Extension Pack:ge (PEP) is a solar electrical power generatinz sys-
tem to be used on the Shuttle Orbiter to augment its power capability and to
conserve fuel cell crvogenic supplies, thereby increasing power available for
payloads and allowing increased mission duration. The Orbiter, supplemented by
PEP, can provide up to 15 kW continuous power to the payloads for missions of
up to 48 days duration.

When required for a sortie mission, PEP is easily installed within the Orbiter
cargo bay as a mission-dependent kit. When the operating orbit is reached, the
PEP solar array package is deployed from the Orbiter by the reiiote manipulator
system (RMS). The solar array is then extended and oriented toward the sun,
which it tracks using an integral sun sensor/gimbal system, The power gener-
ated by the array is carried by cables con the RMS back into the cargo bay,
where it is processed and distributed by PEP to the Orbiter load buses. After
the mission is completed, the array is rctracted and restowed within the
Orbiter for earth return.

The figure below shows the PEP system, which consists of two major assem-
blies -- the Array Deployment Assembly (ADA) and the Power Regulation and Con-
trol Assembly (PRCA) -- plus the necessary interface kit. It is nominally
installed at the forward end of the Orbiter bay above the Spacelab tunnel, but
can be located anywhere within the cargo bay if necessary. The ADA, which is
deployed, consists of two lightweight, foldable solar array wings with their
containment boxes and deployment masts, two diode assembly interconnect boxes,
a sun tracker/control/instrumentation assembly, a two-axis gimbal/slip ring
assembly, and the RMS grapple fixture. All these items are mounted to a sup-~
port structure that interfaces with the Orbiter. The PRCA, which remains in
the Orbiter cargo bay, consists of six pulse-~width-modulated voltage regula-
tors mounted to three cold plates, three shunt regulators to protect the
Orbiter buses from overvoltage, and a power distribution and control box, all
mounted to a support beam that interfaces with the Orbiter,

PEP is compatible with all currently defined missions and payloads and imposes
minimal weight and volume penalties on these missions. It can be installed and
removed as needed at the launch site within the normal Orbiter turnaround
cyele.

__POWER REGULATION AND CONTROL ASSEMBLY
® VOLTAGE REGULATORS/COLD PLATES
® SHUNT REGULATORS /
o POWER DISTRIBUTION/CONTROL /
® SUPPORT STRULTURE

INTERFACE K11

© RMS POWER CABLE
® ATTACHMENT FITTINGS

ARRAY DEPLOYMENT __—~
ASSEMBLY -

® ARRAYS AND CONTA INERS

® MASTS/CANISTERS

® GIMBALSLIP RINGS/GRAPPLE
® SUN SENSOR AND CONTROLS
® iNSTRUMENTATION

o CORE STRUCTURE

el ® ORBITER BAY PIPING
~i 2  ® ORBITER BAY WIRING
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Section 1
INTRODUCTION

This specification establishes the natural and induced environments that the
Power Extension Package (PEP) and GSE may be exposed to during ground operations
and space operations with the Shuttle System. Space Iaduced environments are
applicable at the Orbiter attach point interface location. ALttenuation or
amplification of the environment by cradle or carrier structure between the
Orbiter attachment and individual PEP components are not accounted for. The
Orbiter provides an induced environment as benign or more benign than existing

launch vehicles.

All probable environmenic are systematically listed according to each ground

and mission phase.
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Section 2

g DOCUMENTATIOHN

The following documents form a part of this specification to the extent
specified herein. In the event of conflict between this document and other

documents involved herein, the contents of this specification shall govern.

JSC 07700, Volume X Natural Environment Design
Appendix 10.10 Requirements
NASA TMX 64757 Terrestrial Environment (Climati-~)

Criteria Guidelines for use in Aerospace

Vehicle Development, 1973 Revision

NASA TN D-LkLok An Analysis of Energetic Space Radiation

and Dose Rates

NASA TMS 53957 Space Environment Criteria Guideline for

Use in Space Vehicle Development

™S 64668 Natural Environment Design Requirements

for the Sortie Module

JSC 07636 Space Shuttle Program Lightning

Protection Criteria Document

MIL-STD-810E Environmental Test Methods
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Section 3

NATURAL ENVIROLMENTS

The following are the natural environmental conditions to whicu PEY equipment
and GSE may be exposed during its useful lifetime and must be cortvi@:red in
the design. These conditions are expressed in terms of parameters which are

generally defined at extreme levels.

The extreme natural (ambient) environments which follow were selected or

derived from data presented in Appendix 10.10, "Natural Environment Design
Requirements," JSC 07700, Volume X, and in NASA TMS 64757, "Terrestrial Environ-
ment (Climatic) Criteria Guidelines for Use in Aerospace Vehicle Development,
1973 Revision" and in NASA TM D-LLOL4, "An Analysis of Energetic Space Radiation
and Dose Rates" February 1968.

If so Jdesired, the PEP equipment may be protected during delivery to the launch
and recovery operation by use of appropriate site tacilities so that it is
protected from the environment. Since a limited number of units are involved,
relaxation of these requirements are allowable contingent upon an appropriate

shipping or storage »lan.

3.1 GROUND NATURAL ENVIRONMENTS

2.1.1 Transportation (Packaged)

The PED' system shall be capabl: of meeting the operating performance require-
ments specified herein after exposure to the following transportation

conditions when packaged.

A, Air
1. Temperature Minus 65° to plus 150°F for o hours:
190°F maximum for 1 hour.
2. tressure Yarimum of 15.23 poundr per sguare inch

absolute (psia) sea level, minimur of

3.28 psia (35,000 feet).

/
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3. Humidity

B. Ground
1. Temperature
2. Pressure

3. Humidity
Shock

D. Vibration

3.1.2 Storage

0 to 100 percent relative humidity.

Minus 40° to plus 122°F (ambient); plus
150° for 6 hours; 190°F for one hour.
Maximum of 15.23 psia (sea level) minimum
of 9.76 psia (10,000 feet).

8 to 100 percent relative humidity.

As specified in FED-STD-101, Method 5019.
As specified in FLDo-STD-101, Method 5020.

The PEP system shall be capable of meeting the operating performance reguire-~

ments specified herein after exposure to the following storage conditions.

Environments specified are for Shuttle operational :;ites only.

A. Sheltered uncontrolled environment (packaged or unpackaged)

1. Temperature
2. Humidity

3. Pressure

L, Ozone

5. Fungus
6. Sand and dust

Minus 23° to plus 150°:.

8 to 100 percent relative humidity.
Maximum of 15.23 psia (sea level),
minimum of 12.4 psia.

Surface maximum* 3 to 6 pa: hundred
million (phm).

As specified in MIL-STD-810L.

As encountered in desert and ocean beach

arees, equivalent to 1h0O-mesh silica

flour with particle velocity up to 500 feet

per minute and & particle density of

0.25 grams per cubic foot.

B. Unsheltered equipment (packaged)

1. Temperature

2. Pressure

Humidity
Sand and dust

Minus 23° to plus 115°F.

Maximum of 15.23 psia (sea level),
minimum of 12.4 psia.

8 to 100 percent relative humidity.
Extreme design surface values as follows.
Sand particle diameter®

inches 0.0031 to 0,039

¥NOTE: 90 percent or more between 0.0037 and 0.012 inches,

MCDOANNELL ”UOL‘@‘
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i Sandstorm suspended sand,

pef 1.2

Sandstorm wind speed,
ft/sec 33

Sand particle hardness,
Moh. scale T to 8

Dust particle 0.0000039 to
diameter*# 0.0031 inches
inches

Dust storm wind 33

speed ft/sec
Dust storm verticle Uniform to
distributien 656 ft.
Dust perticle hardness,
Moh. scale 7Tto8
5. Hail and snow Design fc  xtreme hail at surface
characteristics as follows:
Maximum hailstorm diameter,
inches 2
Duration, minutes <15

Fall velocity,

ft/sec 100
Hailstorn. density,

pef 50
Wind speed,

rt/sec 33
Hail hardness,

Moh. scale 2 to b
Maximum depth,

inches 2
Occurrence Once in 15 years

frequency

¥¥NOTE: 9 percent or mor2 between 0.0000039 and 0.0000079 inchec.
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Design extreme surface snow characteristics
as follows:
Maximum snow load of 10.2 psf.

6. Salt fog Salt atmosphere as encountered in coastal
arcas, the effect of which is sirulated by
c..posure to a 1.0 percent salt (NaCl)
solution by weight for 30 days.

T. Rain Maximum of 19 inches in 24 hour period
including short period extremes of four
inches for one hour.

8. Ozone Surface maximum* 3 to 6 parts per hundred
million (phm); 35,000 feet maximum 100 phm.

9. Solar radiation Solar radiatio.a of 377.6 British thermal
unit (Btu)/ft2 hour total norma.r incident.

10.  Fungus As soecified in MIL-STD-810E.

3.1.3 Ground Handling Loads (Unpackaged)

The following are the ground handling loads for unpackaged hardware.

A. Handling shock - Bench handling shock as specified in MIL-STD-810,
Method 516.1, Procedure V.

B. Design shock - As specified in MIL-STD-810, Methcd 516.1, Procedure I.

C. Acceleration (hoisting Joads) ~ Land: 2 g vertical within a plus or
minus cone angle of 20 degrees. Water: 2.67 g vertical within a plus or minus

cone angle of 20 degrees.

3.1.4 Launch Site Operatinns Environment

This section describes the environments (atmosphere temperature, pressure,
hunidity, ard contamination) to whichL PEP equipment may be subjected during

integration, installation, and prelaunch checkout activities.

¥[0TE: Total oxidant concentrations may infrequently reach 60 phm for
periods of 1 to 3 hours during a 2Lk-hour period.

i , 6
MCDONNELL poum.(as%
T e fan—— re , -

Rem 4

iR

_al



LA Integration Operations

A Operat fon and Cheekout Bullding (0&C)

1. Tempoerature D10+ 300 (70° b avE)
C. Humidity SO 9% R
3. Pressure Lo to 15003 poin
Y. Cleanliness Class 100 000
k. orbiter Processing Facility (OPF) = The area aasigned tor payload

processing and checkout will provide the following conditiona:

1. Temperaturce DL 1YC (75Y 2 W)

D Humidity 50% RH = 5%

3. Pressure 12,4 to 15,23 psia

. Cleanl ineos Purged with Class 100 000 air

3.1 00 orbiter Corpo Bay
While the FEP flight unit is installed in the Orbiter cargo bay and the carso
ba doors are closed, the Orbiter cargo buy atmosphere will be controlled to

proviie the tollowing conditions.

Alr puryge - ground transport, VAR :and obl

2. Flow rate: 0 to 94 Jbs/min.
2. Temperature:  Selectable within the range orf 05-84F controlled

to £ 09K of tne desired setting.

3. Cleanliness:  Nominally class 100 guaranteed class 5000 (HEPA
rittered) air with 17 ppm oor less hydrocarbous based on methane eguivalent.

4, Humidity: BEagual to or less than S0 percent relative humidity.
Prior to the cargo bay doors being ctoned, the eargo bay environment will be
maintained vy providing a facility purge orf':

1. Temperature:  JO F SUR

O Cleanliness:  Nominally clase 100 gusranteed class S000 (HEPA
riltered).

3. Humidity: 45 + 5% RH

3.0 SPACE NATURAT HNVIRONMENTS
Space v onormally concidered to be altituden Jreat o than 38,0 naond

]

(295,000 ., 20 Km).

VY
Y CTHONNELL DOUGLAS }._.
L S

- s e e an vao—— s —— e et o—— o —ay




3.0.1 Pressure
=10 n 3 -B o U . . .
1 x 10 Torr. (1.3 x 10 n/m ) shall be the design consideration. Other
values are as rollowa:
2 2
Altitude lux., P. Torr. (n/u") Min. P. Torr, (n/m™)
5 3 -6 -3

O mumi. (10907 km) 1.k ox 1077 (1.87 x 1077) 8 x 1T (l.of x 1077)

100 nomi. (185.3 km) 2.0 x 1070 (.29 x 1070) BT x 1077 (.063 x 10‘3)
500 n.mi (926.5 km) 2.0 X 1077 (20,33 x 10'8) b7 x 107 (.63 x 10'8)
1200 nomi. (2223.6 Approx. 1 X lO-ll (.13 Same as maxXimum

X 10'8)

Hirhest pressure at orbital altitudes would be the maximum pressure at lowest
orbital altitude 70 n.mi. {129.7 km) and lowest pressure at orbital altitudes
would be the minimum pressure at the highest crbital altitude L1200 n.mi

(2223.60 km).

2.2.” Solar Radistion (Thern )

Temperature extremes ror i1tems exposed to space environments cannot be
categorically defined. When determining these extremes analytically, use the

rollowing data:

Envivonmental Parameter Design Value

solar radiation 43,7 Btu/th/hr (1398.76 w/mg)
Earth albedo 20 perce %

Barth radiation TT Btu/Fu /hr (242,74 w/mz)
Space sink tenmperature 0° Rankin (0% Kelvin)

3.20.3 volar Radiation lenizing

The natural radiation environment in terrestrial space consists of (1) galactic
cosmic radiation, (2) geomasnetically trapped radiation, ani (3) solar flare

rarticle events.

3.2.3.1 0Oalactic Cosmis Radiation (Mainly Protons)

ol

Compoesition: 397 protons, 139 alpha particles, 27 heavier nuclei
b

~ ol 19 . 0 1R
Enerey Ranyge: 10 to 10 electron volts; predominant 10" to 10~ electron

volts,

bl
Flux Out=ide Earth's Magnetic Field: 0.2 to 0.4 particles/CM /steradian/sec

Integrated Yeurly Dose:  Approximately W to 10 rads.

7/
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3.0.3.0 Geomarnetically Trapped Radiation (Proton, Electron)
Funergy:  Electron - Up to several MeV Proton - Up to several 100 MeV
o .
Flusx: Electrou - Up to 10" Electruns/cma/soc >0.5 MeV Proton - Up to 105
Frobons/cm;/seo >30.0 MeV
gee NAGA TN D=blLoh ror specific mission radiation envirouments and vesulting

exposure/shielding retationships.

3.2.3.3 Solar Particle Events
Composition: Frotens and alpha particles
Ueeurrence:  Sporadically and lasting for several days

Partlcle Event Modecl {(free space): See Section 2.4.3 of NASA TMX b6L627

- o,
7.05 x 1ovtp T1e2 1 MeVS T<10 MeV
Frotons: NP(:>T) = 3.6k x lO'le—P (T)/73 10 MeV<= 30 MeV
B 1 ,
2.oh x 1o‘le-P (T)/73 T >30 MeV

N (>T) T+30 MeV
P 12 -2.14

Alphas: N (>T) = T.07T x 107°T T 230 MeV
5 .

Where Np (>T), N (>T) = Protons/cm™, Alphas/cm” with energy >T in MeV

Po(T) = Particle magnetic rigidity in mV given by
>
P (T) =1,/2 T (T+2M C7)
o o
o 1s particle charge in units of electron charge; i.e.,
(&4
S, = 1 for Frotors and 2 tor Alphas
[\
"
MO C° = 938 MeV for Frotons, 3728 MeV tor Alphas

For near-earth orbital altitudes, tuno above free-space event modei must be
modiried since the earth's magnetic field deflects some of the low-energy
prarticles that would enter the atmosphere at low latitudes to the poles. While
in near earth polar exposure from solar particle events will be approximately
307 of that of free space. Relative exposure decreases rapidly with deereasing

orhital inclination.

3. .4 Meteoroids

The meteorold model encompasses particles of cometary origin in the mass range
\

-t

4

between 1oand 10 77 srams for sporadic meteoroids and 1 to 10 srams for
stream moeteoroids.,
Y ’
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Average total environment:
Particle density O.Bn/cm3
Particle relocity 20km/sec
L. -1.21
N 14,37 -1.213 loglom

(1) For 10-b5 m=<10° loﬂlO N
- ’r7 -
{(2) ¥For 10 12 <Sm<10 6 loyr NL = 14,339 -1.584 ]oglom

~ 10
-0.063 (log, m)
10 "
. -
Nt + - no. partlcles/m /sec of mass m or greater
m = mass in grams

Detocusing factor for earth, and if applicable, shielding factor are

to be applied.

10
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Section 4
INDUCED ENVIRONMENT

The following induced environment exists in the payload bay.
4,1 THERMAL ENVIRONMENT

4.1.1 Payload Bay Wall Temperature

The temperature range at the payload bay walls are defined in Table 4.1-1. The

maximum temperature for the radiator when the doors are closed shall be 18R°F.

Table 4.1~1. Payload Bay Wall Temperature

Condition Minimum Max imum
1.  Prelaunch +40°F (4.4°C) +120°F(48.9°C)
2. Launch +40°F (4.4°C) +150°F (65.6°C)
3. On-orbit (doors open) =-250°F (-156.7°C) +200°F (93.3°C)
Entry and post-landing =50°F (-45.6°C) +200°F (93.3°C)

Conditions 1 and 2 are for an assumed adiabatic payload.
Condition 3 is for an assumed empty cargo bay.

Condition 4 is for an assumed adiabatic payload. The maximum temperature is
for an assumed initial 700F cargo bay wall temperature. The minimum tempera-
ture is for an assumed initial -2500F cargo bay wall temperature. local areas
around the vents may reach 2250F for duration of less than 2 minutes after
vents are opened.

4,1.2 Entry Air Inlet Temperature

For design purposes, the worst case temperature of air entering the payload
bay during entry shall be assumed to be as defined in Figure 4.1-1,

4,2 LIMIT-LOAD FACTORS/ANGULAR ACCELERATIONS

The load factors/angular accelerations specified in Tables 4.,2-1, 2, and 3 are
appropriate for preliminary design of PEP primary structure and for determina-
tion of preliminary Orbiter/PEP interface loads as the guiding criteria only.

1"
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Figure 4.1-1. Air Temperature Entering the Payload Bay During Entry — Max Air Temperature Case

The center-of-rotation for angular accelerations is at the PEP element center-
of-gravity, The load factors/anguler accelerations for emergen:y landing con-

dition are defined in Paragraph 4.2.3.

PEP load factor/angular acceleration is defined as the total externally
applied force/moment on the PEP or PEP component divided by the correspunding
total or component weight/mass moment of inertia and carries the sign of the
externally applied force/moment in accordance with the Orbiter coordinate sys-
tem. (See Figure 4.2-1,)

, 12

MCDONNERLL oouau&.
74

.- ~o. - s,



Table 4.2-1 Cargo Limit-Load Factors/Angular Accelerations For
Preliminary Design (Quasi-Steady Flight Events)

ANGULAR
{ LOAD FACTOR g ACCELERATION |
RAD/SEC 2
FLIGHT EVENT — ——r—s CARGO
Nx Ny Nz @ [?] ] WEIGHT
ASCENT
HIGH-0 B00ST | -1.9 |zo0.s0] o0.25}t0.10 |:0.15 |t0.15
ENVELOPE -0.50 Up to 65
- K1b
(29484 kg)
INTEGRATED | -2.9 |t0.06| -0.10]0.20 {#0.25 [:0.25
VEHICLE BOOST
MAX NXx
ORBITER B0OST | -3.17] 0.0 | -0.60|£0.20 J£0.25 |+0.25
MAX Nx
POST SRB -1.10]+0.12{-0.59
STAGING
DESCENT
TAEM: PITCH 1.01] o 2.50] o 0 0
MANEOVER| -0.15
0.25] o 2.50] ¢ J-0.11] o
0.97 { o |-1.00] o 0 0
0
TAEM: ROLL 0.65/£0.12] 1.98)+1.28 | 0.02 }20.13}up to 32
MANEUVER Klb
(14515 kg)l
TAEM: YAW 0.90/£1.25] 1.0} 0.0 | 0.0 | 0.0
MANEUVER) 0.03|:1.24] 1.0 ] 0.0 | 0.0 J:o.12
were

P 13
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Table 4.2-2 Cargo Limit-Load Factors/Angular Accelerations For
Preliminary Design (Transient Fiight Events)

LOAD FACTOR g ACCELERATION RAD/SEC 2
FLIGHT EVENT — — ~ CARGO
NX NY Nz J 6 v WEIGHT
ASCENT
LIFT-OFF -0.2 1.0 2.5 0.1 0.15 0.15 Up to 65
-3-2 '1.0 -2.5 -001 -00 15 —0015 Klb
(29484 kgq)
DESCENT
LANDING 1.8 1.0 4.2 1+0.25 1.25 ]$0.30 Up to 32
-2.0 J£1.0 |-0.3 |10.25 -0.75 | +0.30 K1lb
(14515 kg)

Table 4.2-3 Emergency Landing Design Load Factors

Load Factor
65 K1lb (29484 kg) Up
32 K1b (14515 kg) Down

CONDITION X Y Z

Emergency Landing] +4.5 +1.50 +4.5
Compartment)

Sign convention follows that of the Orbiter coordinate system in Figure 4.2-1.

Emergency landing load factors are ultimate. The longitudinal load factors
are directed in all aftward azimuths within a cone of 20 degrees half-angle.
The specified Toad factors shall operate separately.

14

/
MCDONNELL oouan@_

g
- o, - s - F




Figure 4.2-1. Sign Convention for Cargo Limit-Load Factors/Angular Accslerations

These load factors/angular accelerations are valid for any location in the
bay. The load factors/angular accelerations result from the response of the
Shuttle vehicle structure, including cargo, to external forces corresponding
to both quasi-static and transient flight events. These external forces are
generated by the thrust, aerodynamics, wind shear, prelaunch restraints, en-ry
maneuvers, landing gear impact, etec.

Accelerations at Specific points within the PEP will depend upon PEP design
characteristics and mounting methods. Portions of the PEP that are cantilev-
ered from their support points, or that have substantial internai flexibility,
may experience higher accelerations than those reflected in the tables.

The load factors/angular accelerations shall be considered in al}l combinations
for each event.

15
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4,2,1 Quasi-Steady Flight Events
The load factors/angular accelerations associated with the quasi-steady flight

events are generated by external forces which change slowly with time and for
which the vehicle elastic responses are relatively small. Consequently, cou-
pled transient dynamnic analyses are not normally required. However, for PEP
with redundant Orbiter interfaces, a coupled static analysis of the various
quasi-static flight events shall be used for determining deflections and PEP
interface forces. Shuttle model and deflection data to analyze quasi-static

flight events shall be included in the payload-unique ICD.

Load factors and angular accelerations are specified in Table U4.2-1 for quasi-
steady fiight events during ascent and descent, for up to a maximum of 65,000
1b. (29,484 kg) lift-off cargo and up to maximum of 32,000 1b. (14,515 kg)
landed cargo. These conditions are normal design conditions for the Orbiter

structure.

4,2.2 Transient Flight Events

The transient flight events correspond to conditions for which the external

forces are highly transient in nature and significant elastic response occurs.
Shuttle lift-off and landing are events of this type. The associated PEP
responses depend on the PEP geometry, stiffness, and mass characteristics.
Consequently, design values of PEP/Shuttle interface forces and PZP design
lcads shall be determined by coupled *-ansient analysis. However, typical load

factors for the transient events are g.ven in Table 4,2-2.

The load conditions in Table 4.2-C are for an ascent cargo weight of up to a
maximum of 65,000 1lb. (20,484 kg) lift-off cargo and up to a maximum of 32,000
1b. (14,515 kg) landing cargo. The maximum symmetric design landing sink speed
is 9.6 fps (2.93 mps).

4.,2.3 Emergency Landing Load Factors

The Orbiter vehicle design considers safe crew egress following emergency
landing or water ditching. Hence, the mounting structures for equipment and
crew provisions vessels shall be designed to load factors equal to or greater
than those shown in Table 4,2-2. Equipment inside the Orbiter crew compartment
shall be designed to preclude hazards to the flight personnel after the appli-
cation of the emergency landing loads defined in the table. The attachment

16
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structures (including fittings and fasteners) must be designed for emergency
landing loads. The attachment structure equipment where failures could result
in injury to personnel or prevent egress from the emergency landed vehicle
must be designed for this requirement. Equipment design shall consider provi-
sions to maximize the probability of safe crew egress following an emergency
landing.

4.3 ACOUSTICS

The spatially averaged acoustic levels in an empty payload bay shall not
exceed those 22fined in Table 4,3-1. The acoustic levels during orbit, entry
and landing are significantly below the ascent levels and shall be assumed to
be negligibtle.

Acoustic levels for specific payload bay equipment are dependent on geometry,
surface area and acoustic absorption characteristics and will differ from

those of the empty payload bay.

4.4 VIZRATION

The random vibration environments predicted for the unloaded mid-fuselage main
longeron payload trunnion fitting and the unloaded mid-fuselage keel trunnion
fitting are shown, respectively, in Figures 4.4-1 and 4.4-2. These empty
payload bay environments will be reduced by the presence of equipment. The
unloaded attach point vibration environments may be adjusted to account for
the presence of a payload by use of te 3-step proccedure exemplified in Appen-
dix I, Paragraph I.4 of ICD 2-19001, Shuttle Orbiter/Cargo Standard
Interfaces, Revision F.

4.5 ON-ORBIT ACCELERATIONS

During normal Crbiter attitude keeping activities, thrusting of the Orbiter
RCS shall cause slight accelerations to be exerted on STS element equipment
depending on the location with respect to the center-of-rotation.

RCS and vernier thrust values shall be as defined in Table 4.5-1. All three
anguiar accelerations may occur simultaneously and the linear acceleration at
any point in the 5TS element system shall be calculated based on the distance
from the vehicle center-of-rotation. This location shall vary to some extent
with the particular payload weight distribution but shall be it the vieinity
of Xo 1080, Yo O, and Zlo 400, for typical missions.

17
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Table 4.3-1 Orbiter Cargo Bay Internal Acoustic Noise
1/3 Octave Sound Pressure ¥ Sound Pressure
Band Center Level (dB) Level (dB)
Frequency ref. 2 x 10-5SN/n2 ref. 2 x 10-SN/m2
(Hz) Lift-0ff Aeronoise
5 Seconds/mission 5 Seconds/Mission
31.5 122.0 112.0
40.0 124.0 114.0
50.0 126.0 116.0
63.0 127.5 118.0
60.0 129.5 120.0
100.0 130.5 122.0
125.0 132.0 124.0
160.0 133.0 125.0
20C0.0 133.5 126.5
250.0 134.0 127.0
320.0 134.5 127.0
400.0 134.5 127.0
500.0 134.0 127.0
630.0 133.5 125.0
800.0 133.0 123.0
1,000.0 132.0 119.0
1,250.0 131.5 118.0
1,600.0 130.0 117.0
2,000.0 129.0 115.0
2,500.0 128.0 113.0
3,200.0 126.5 111.0
4,000.0 125.0 109.0
5,000.0 124.0 107.0
6,300.0 122.5 105.0
8,000.0 121.0 102.0
10,000.0 120.0 101.0
OAL 145.0 137.0

*Development testing to confirm the internal payload bay acoustic environ-
ment has been completed with potential reductions in acoustic levels for

portions of the spectra. Additional confirmation of payload bay acoustic

levels and changes to the 145 dB 0A environment are not expected before

first Orbital flight; however, if specific hardware development problems
are encountered which can be arfected by incorporation of the development
test results, the JSC Space Shuttle Program Office is to be contacted tor

additional consultation.
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Table 4,5-~1. ORBITER RCS MAXIMUM ACCELERATION LEVELS

. )
Max Translational * Max Rotational *
Accelerations Ft/Sec? Accelerations Deg/sec?

System ~x |+x | v J-2 ]| ¢z |tron2 OPitchlﬁ "ﬁclblwl

. e

RCS (870 lbs) 0.6]0.50.7 1.3]11.1 1.2 1.4 1.5 0.r
Verniers (25 1lbs)]0.0J0.0§0.007]0.0]J0.008]0.04 0.03 0.02 0.02

*Assumes 170 Klb Orbiter and 32 Klb payload. 65 Klb payload (TBD).

4.6 ORBITER/CARGO BAY PARTICULATES AND GASES ENVIRONMENT

4,6.1 Purge Cas in the Cargo Bay

4,6.1.1 Lift-Off Through Orbit Insertion
Purge gas shall be residue remaining from purge prior to lift-off. Nominal

cargo bay pressure decay shall be assumed to be that shown in Figure 4.6-1,

4,6.1.2 Entry and Descent
Atmospheric air filtered through 35-micron glass-bead-rating filters shall be
used to repressurize the cargo bay. Nominal cargo bay repressurization shall

be assumed to be that shown in Figure U4.6-2.

4,6.2 Contamination

Payload bay contamination will be minimal by selection of materials with low
outgassing characteristics. Material selectiun criteria of 1 percent, or less,
total mass loss and 0.1 percent, or less, Volatile Condensible Material (VCM)
as defined in NASA/JSC Specification SP-R-0022, or its equivalent, shall be

used.

Contamination outside the bay will be to a level which shall limit contamina-
tion to cargo, payload bay, Orbiter windows, optical surfaces and Orbiter
thermal protection system, Dump design shall be time-selectsble in order to

program occurrences to be compatible with other mission operations.
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4,7 ELECTROMAGNETIC INTERFERENCE ENVIRONMENT

4.7.1 Shuttle-Produced Interference Environment

The Shuttle-produced conducted and radiated interference is limited to the
levels indicated in Paragraphs 4.7.1.1 and 4.7.1.2.

4.7.1.1 Conducted Interference
The conducted interference produced by the Shuttle applicable to all DC and AC
interfaces shall be limited as follows:

A. In-Flight DC Power Bus Ripple: 1he in-flight DC power bus ripple at

the interface shall not exceed:

1. +0.9 volts peak-to-peak narrowband (30 Hz to 7 KHz) falling 10 dB
per decade to 0.28 volts peak-to-peak to 70 KHz, thereafter remaining constant
to 400 MHz.

2. +0.8 volts peak broadband in the frequency band from 30 Hz to 7
KHz and +0.3 volts peak in the frequency band from 7 KHz to 400 MHz.

3. Under the conditions of a passive payload (resistive simulation
of load), the ripple on the power supplied will not be greater than 0.8 volts
peak-to-peak broadband (DC to 50 MHz): no discrete fre.iency will exceed 0.4
volts peak-to-peak. This condition applies at the modbody power interface
only.

4., For the dedicated fuel cell operation, the Shuttle-~generated rip-
ple at the interface will not exceed 100 millivolts peak-to-peak (30 Hz to 10
MHz) .

B. In-Flight DC Power Bus Transients: In-flight power bus transients
-6

snall not exceed the impulse equivalent of 300 X 107 volt seconds above or
below normal line voltage. Peak transients will be limited to +50 volts meas-
ured line-to-line and between positive line and structure and will be limited
to +30 volts when measured between return line and structure. Rise and fall
times shall not be less than 1 microsecond.

C. Common-Mode Voltage: The common-mode voltage between electrical

Spacelab/Orbiter bonding interfaces in the payload bay and the aft flight deck

shall not exceed:
1. 0.3 volts peak-to-peak when measured in the time domain with an
instrument bandwidth of at leest 50 MHz. This is inclusive of a DC component

which may exist in vehicle structural members.
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2. 0.15 volts peak-to-peak for any discrete frequency between 30 Hz
and 50 MHz.
3. #50 X 10-6 voltseconds maximum transient excursions with rise and

fall times not less than 1 microsecond; the peak shall not exceed 5 volts.

The common mode voltage values given above are defined as the voltage drop

across two points of the Orbiter structure.

Note: The trunnion and keel attach fittings will be electrically isolated by
Orbiter design.

4.7.1.2 Radiated Interference
The Shuttle~produced radiated fields environment shall be limited as follows:

A. AC magnetic fields snall be limited to less than 140 dB above 1
picotesla (30 Hz to 1 KHz), falling 40 dB per decade to 50 KHz. The DC field
shall be less than 170 dB 3bove 1 picotesla. The above are worst case values
for locations near the Orbiter power buses at Yo - +79, Zo = 349, Xo = any
value in the payload bay.

The above values of magnetic flux density are reduced in accordance with
the following equation for separation from the power buses in the Y-Z plane.

dB (reduction) = 20 log10 (57R2‘ where P (meters) = radial separation in
the Y-Z plane from the nearet nearest port or starboard power bus described by
the above location coordinates.

For locations within 2.5 meters of the 576 ro 1307 Xo locations, the
value of R in the equation should be the separation from the Xo = 576 or Xo =
1307 locations in meters.

B. Electric fields along the payload bay centerline are defined in
Figures 4.7-1 and 4,7-2 for unintentional emissions.

C. The electric field strengths produced by Orbiter~installed transmit-
ters (defined in Figure 4.7.-3) are worst case values in upper (+2) quadrant of
the payload envelope with doors open, Reduced levels can generally be expected

in the lower levels of the payload bay.
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Figure 4.7-1. Shuttle-Produced Payload Bay Radiated Broadhand Emissions

D. The electric field strengths produced by Orbiter-installed transmit-

ters external to the bay are as follows:

Transmitter Spherical Field

power coverage strength
Antenna (W) (%) (V/M)
Ku Band (Comm) 50 1.6 2181/R
Ku Band (Radar) TBD TBD TBD
S Band Quad 100 72 42/R
S Band Hemi 10 40-50 6.9/R
S Band P/I 5 TBD 5.29/R
UHF (EVA) 0.25 85 0.27/R

where R is the distance in meters between the antenna and object in the elec-~
tric field.
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Figure 4.7-2. Shuttie-Produced Payload Bay Radiated Narrowband Emissions

E. Lightning-produced magnetic fields shall be limited to a peak level of
70 amperes/meter with a rise to peak value n in 2 microseconds and fall to
zero in 100 microseconds. The payload shall be designed so that a failure due
to a lightning stroke shall not propagate to the Space Shuttle.

F. The design of the payload bay and payload bay doors shall preclude any

electrostatic discharges.

4,7.2 Cargo-Produced Interference Environment

4,7.2.1 Cargo~-Produced Cond -ted Noise
The cargo-generated conducted emission limits, applicable to all DC and AC
power interfaces, shall be limited to the following:
A. DC Power:

1. The powrr line conducted emissions shall be limited to the levels
indicated in Figure 4.7-4, These levels may be exceeded when operating from a
dedicated fuel cell provided the radiated emissions limits of Paragraph
4,7.2.2 below are met; however, the Shuttle power bus ripple voltages shall
not be applicable.
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Figure 4.7-3. Maximum Field Intcnsities on Paylosd Envelope

2. The cargo-generated spikes produced on DC power lines by
switching or other operations shall not exceed the limits defined in Figure
4,7-5 for normal operation and Figure 4.7-6 for abnormal operation when fed
from a source impedance within the limits defined in Figures 4.7-7 and 4.7-8.
Rise and fall times shall be greater than 1.0 microsecond.

B. AC Power:

1. The AC-power-line-conducted emissions of the Cargo AFC equipment

shall not exceed the limits defined in Figure 4,7-5.
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2. AC power-bus transient spikes generated by the Cargo AFD equip-
ment shall not exceed the limits defined in Figure 4.7-9 for both normal and
abnormal operations wnen fed from a source impedance not greater than 10 ohms.
Peak spikes below 10 microseconds duration, for normal electric system opera-
tions, shall be limited to 60 volts superimposed on the 400 hz sine wave. Rise

and fall times shall be greater than 1,0 microseconds.

4,7.2.2 Cargo--Produced Radiated Fields
The cargo-produced radiated fields shall be limited as follows:

A. The generated AC magnetic fields (applies at a distance of 1 meter
from any payload equipment) shall not exceed 130 dB above 1 picotesla (30 Hz
to 2 KHz) falling 40 dB per decade to 50 KHz.

B. The radiated electric fields shall not exceed the levels defined in
Figures 4.7-10 and 4.7-11 except that the broadband emissions for cargo equip-
ment in the payload bay shall be limited to 70 dB above 1 microvclt/meter/MHz
in the frequency range of 1770 MHz to 2300 MHz. Narrowband emissions shall be
limited to 25 JdB above 1 microvolt/meter from 1770 MHz to 2300 MHz, excluding
any payload intentional transmitters.

C. Allowable levels of radiation from payload transmitter antenns systems
are shown in Figure 4.7~12., These levels are established with respect to lev-
els incident on Orbiter equipment and should not be construed to limit radia-
tion at higher levels with a directional antenna through open payload bay
doors.

D. Eletrostatic discharges snall not cccur within the payload bay other
than those isolated from the AFD and payload bay gaseous environment
(hydrogen-oxygen mixture) and shielded by the cargo to satisfy the require-

ments of Subparagraphs A and B above.

4.7.3 Ground Radar-Produced Radiated Interference
Electric field intensities of 22V/M maximum in the Radar Band of the electro-

magnetic spectrum are indicated tec exist.

4,8 RCS PLUME ENVIRONMENT
TBD

4,9 RELATIVE DEFLECTIONS
BD
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